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(57) ABSTRACT

A method for reliably avoiding backflow in the transport of a
liquid under pressure via a transport pipe (1), in which a
shut-off device (2) with differential pressure switching is
arranged, into a container (3) which is under pressure and
which comprises the liquid to be transported and/or another
liquid is proposed, wherein a pressure accumulator (4) which
is filled with the liquid to be transported up to a certain level
and above the liquid level, in direct contact with the liquid to
be transported, with an inert gas is arranged in the transport
pipe (1) upstream from the shut-off device (2) in the transport
direction, the inert gas being provided in the pressure accu-
mulator (4) under an excess pressure and in an amount rela-
tive to the container (3) to be filled which are designed so that,
in the case of a drop in the pressure in the transport pipe (1),
the inert gas ensures a positive pressure difference in the
transport pipe (1) to the container (3) over a period which is at
least as long as the reaction time of the shut-off device (2) and
the shut-off device (2) has an emptying pipe (6) with empty-
ing valve (7).

20 Claims, 5 Drawing Sheets
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1
METHOD FOR SAFELY PREVENTING
BACKFLOWING IN THE CONVEYING OF A
FLUID

PRIORITY

Priority is claimed as a national stage application, under 35
U.S.C. §371, to PCT/EP2009/057462, filed Jun. 16, 2009,
which claims priority to European application 08158969.9,
filed Jun. 25, 2008. The disclosures of the aforementioned
priority applications are incorporated herein by reference in
their entirety.

DESCRIPTION

The invention relates to a method for reliably avoiding
backflow in the transport of a liquid under pressure via a
transport pipe into a container and a use of the method for the
preparation of ethanolamines, isopropanolamines, alkylal-
kanolamines, alkyldialkanoldiamines and/or dialkylalkano-
lamines by reaction of alkylene oxides with amines or ammo-
nia.

In chemical process engineering, liquids are frequently
transported under pressure into containers which are under
pressure. Owing to a hydrostatic pressure gradient, however,
the transport can be effected in particular by means of a feed
pump. In the case of a pressure drop, in particular failure of
the feed pump, liquid may flow out of the container in a
direction opposite to the transport direction back into the
transport pipe. This can lead to problems in the transport pipe.

Usually, the pressure transmitted by backflow can be elimi-
nated by safety valves. However, this is problematic for a
multiplicity of substances since the release may resultin toxic
and/or ignitable gas mixtures. Furthermore, this approach is
prohibited in the case of substances which undergo a highly
exothermic reaction with other substances which can enter
this pipeline via backflow or polymerize in the presence of
small amounts of these substances, tend to decompose or are
decomposed or polymerized by the heat input of such a reac-
tion.

Shut-oft devices which close in the event of a pressure drop
are therefore provided in the transport pipe. However, the
closing time of the shut-off devices cannot be arbitrarily
shortened, so that liquid may flow back in a direction opposite
to the transport direction in the transport pipe during the
reaction time of the shut-off device.

It was therefore an object of the invention to provide a
method which reliably prevents backflow of liquid from a
container into which liquid is transported under pressure, a
shut-off device having a finite closing time being arranged in
the transport pipe, even during the closing time of the shut-off
device.

It was moreover an object of the invention to provide a
method for reliably avoiding backflow into one or more feed
pipes for one or more alkylene oxides in a process for the
preparation of ethanolamines, isopropanolamines, alkylal-
kanolamines, alkyldialkanoldiamines and/or dialkylalkano-
lamines by reaction of the one or more alkylene oxides with
alkylamines or ammonia, in particular from the reactor in
which the reaction is carried out into the feed pipe for the one
or more alkylene oxides.

The backflow into the feed pipe for the one or more alky-
lene oxides can also take place from the metering system for
a component other than the alkylene oxide or oxides in the
reactor. According to the invention, such a backflow is also to
be avoided.
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The object is achieved by a method for reliably avoiding
backflow in the transport of a liquid under pressure via a
transport pipe, in which a shut-off device with differential
pressure switching is arranged, into a container which is
under pressure and which comprises the liquid to be trans-
ported and/or another liquid, wherein a pressure accumulator
which is filled with the liquid to be transported up to a certain
level and above the liquid level, in direct contact with the
liquid to be transported, with an inert gas is arranged in the
transport pipe upstream from the shut-off device in the trans-
port direction, the inert gas being provided in the pressure
accumulator under an excess pressure and in an amount rela-
tive to the container to be filled which are designed so that, in
the case of a drop in the pressure in the transport pipe, the inert
gas ensures a positive pressure difference in the transport pipe
to the container over a period which is at least as long as the
reaction time of the shut-off device, the shut-off device hav-
ing an emptying pipe with emptying valve.

The method according to the invention relates to the trans-
port of aliquid (first liquid) under pressure via a transport line
into a container which is under pressure and which comprises
a second liquid which is the same as the liquid to be trans-
ported or another liquid. The transport of the liquid can be
effected by hydrostatic pressure difference. Preferably, the
liquid is transported by means of a pump.

The pump can advantageously be a volumetric pump, in
particular a piston pump, a diaphragm pump or a gear pump.

Diaphragm pumps are advantageous particularly in the
case of high feed pressures and for the transport of liquids
having corrosive properties.

It is also possible to use a centrifugal pump which advan-
tageously has backflow-reducing devices, in particular one or
more nonreturn valves, preferably on the pressure side of the
centrifugal pump.

Arranged in the transport pipe is a shut-off device which
prevents backflow of the liquid in the event of a pressure drop
in the transport pipe. However, the fact that shut-off devices
always have a certain reaction time which it is not possible to
fall below and which, according to the prior art at present, is
in the region of seconds, frequently in the region of about 2 s,
is problematic.

The shut-of device is provided with an emptying device,
i.e. ableed pipe or emptying pipe with bleed valve or empty-
ing valve.

In one embodiment, the emptying pipe with emptying
valve is a single emptying pipe with single emptying valve, on
both sides of the single emptying pipe with single emptying
valve a single block closing valve being provided.

Because the shut-off device is also provided with an emp-
tying device for the liquid, in addition to the avoidance of
physical contact of backflowing liquid with liquid from the
transport pipe indirect thermal contact is also avoided, for
example, by preventing hot liquid from the container into
which the liquid is transported from coming into direct ther-
mal contact by heat conduction with cold liquid which is
transported via the transport pipe into the container.

Reaction time of the shut-off device is understood as mean-
ing the period from the detection of the triggering signal for
shut-off to complete closing of the valve.

There is also provided a double emptying pipe with double
emptying valve.

Itis advantageous to form the shut-off device in such a way
that in each case a double closing valve is provided on both
sides, i.e. downstream and upstream of the emptying pipe
with double emptying valve.
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The shut-off device is preferably controlled via differential
pressure switching. For this purpose, however, other devices
registering backflow, for example a mass flow rate measure-
ment, are also suitable.

According to the invention, in the case of transport of the
liquid by means of a pump, a pressure accumulator is
arranged in the transport pipe between pump and container to
be filled, before the container to be filled. The pressure accu-
mulator is partly filled with the liquid to be transported. An
inert gas is introduced above the liquid level in the pressure
container via a feed pipe. Such devices are known in the prior
art for damping pulsations. According to the invention, how-
ever, a pressure accumulator is used which is dimensioned so
that it maintains a positive pressure difference in the transport
direction in the case of a pressure drop in the transport pipe.
The pressure accumulator thus acts as a pressure buffer or
prestressed pressure spring.

The pressure accumulator preferably comprises a verti-
cally arranged pipe which ensures good level regulation in
combination with as small a liquid holdup as possible, i.e. is
designed so that very small variations in liquid volume result
in maximum liquid level differences. The pipe is connected,
preferably at its lower end, to the transport pipe for the liquid.

Advantageously, the connection at the lower end of the
pipe to the transport pipe serves, however, only for removal of
liquid and the feed is preferably effected above the lower end
of the pipe. As a result, good flow of the liquid through the
pipe and liquid residence times in the pipe which are as short
as possible are achieved. This is advantageous especially in
the case of liquids tending to polymerize.

The pipe is equipped with a level measurement for the
liquid.

Atthe upper end, the pipe is connected to a container which
serves for holding the liquid up to a certain level. Above the
liquid level, an inert gas, frequently nitrogen, is introduced
into the pressure accumulator via a feed opening.

The container at the upper end of the pipe is preferably
rounded and symmetrical.

The pipe of the pressure accumulator frequently has a
length in the range from 1 to 5 m, preferably from 4 to 5 m,
and a diameter in the range from 100 to 300 mm, preferably in
a range from 90 to 150 mm.

The pressure-tight container at the upper end of the pres-
sure accumulator is advantageously dimensioned to take into
account the following boundary conditions:

minimum pressure in the containers to be filled,

maximum pressure in the pressure accumulator,

switching point and reaction time of the differential pres-
sure switching of the shut-off device,

closing time of the shut-off device and

admission pressure of the liquid to be transported before

the transport pipe.

In a preferred embodiment, the liquid to be transported is
an alkylene oxide or a mixture of alkylene oxides of the
formula

R} /O\ R?
\C % 7
2 N4

R R

where

R! to R* in each case independently of one another, are
hydrogen or a C,-C,-alkyl, a Cs- or Cs-cycloalkyl or a
phenyl radical,
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or R and R? and/or R* and R* are in each case linked to one

another to form a cycloalkyl radical, R! and R® and/or R?

and R* having in total preferably 3 or 4 carbon atoms and

the radicals not linked to one another if appropriate being in
each case hydrogen or a C, - to C,alkyl radical,
or R and R? and/or R® and R* are in each case linked to one

another to form a cycloalkyl radical, R* and R? and/or R?

and R* having in total in each case 2, 3, 4 or 5 carbon atoms,

and

the container to be filled is a reactor in which the alkylene
oxide or the mixture of alkylene oxides is reacted with alky-
lamines or ammonia.

The alkylene oxide is preferably ethylene oxide.

Further preferred alkylene oxides are isobutylene oxide,
cyclohexene oxide or styrene oxide.

Here, the generally preheated alkylamine is advanta-
geously mixed with the alkylene oxide via a mixing valve
which is part of the shut-off device and fed to the reactor,
wherein the reaction takes place at superatmospheric pressure
and elevated temperature. In the pipe comprising alkylene
oxide, pressures and temperatures are established so that boil-
ing of the alkylene oxide is avoided. In principle, any oper-
ating pressure required for the respective process can be
established in the pipe. Frequently, pressures of from 5 to 30
or from 70 to 150 bar are used.

The inert gas used is advantageously nitrogen, a noble gas,
methane or CO,.

A further object of the invention is to provide a use for the
method described herein above for reliably avoiding back-
flow of the reaction mixture from a rector for the preparation
of ethanolamines, isopropanolamines, alkylalkanolamines,
alkyldialkanoldiamines and/or dialkylalkanolamines by
reaction of alkylene oxides with amines or ammonia.

The invention is explained in more detail below with ref-
erence to working examples and a drawing.

WORKING EXAMPLES

In an elongated tubular reactor of a continuously operated
pressure plant, an amine/water mixture is reacted with ethyl-
ene oxide, abbreviated below to EO, to give alkylethanola-
mine. The ethylene oxide is metered into an alkylamine/water
mixture at a temperature of about 90-110° C. and a pressure of
about 25 to 30 bar absolute. The pressure at the end of the
tubular reactor is kept at 26 bar absolute via a control valve
during operation in the intended manner. The EO is com-
pressed via a diaphragm piston pump from about 18 bar
absolute (suction side) to about 39 bar absolute (pressure
side) and then metered into the tubular reactor via a pressure
control valve (rotary plug valve, Ab=8 to 10 bar). A fast-
closing valve (ball cock, Z quality) which serves for prevent-
ing backflow is present before the pressure control valve.
Installed between the diaphragm piston pump and the control
zone is a pressure accumulator which is intended firstly to
minimize pressure pulses on the pressure side of the pump
and secondly to maintain a positive pressure difference for
sufficiently long. The gas phase of the pressure accumulator is
fed with nitrogen (p,,.,.=41 bar absolute). The required level
of fill of EO or the required amount of nitrogen in the pulsa-
tion damper is ensured via a level regulation.

The plant is shown schematically in FIG. 1.

The following scenario should be ensured:

It is assumed that the diaphragm piston pump in the EO
pipe fails. The result is a pressure drop in the EO pipe, it being
assumed as a worst case that the pressure decreases to the
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safety pressure in the EO network. It is furthermore assumed
that the diaphragm piston pump immediately stops and is not
completely tight.

Since the reactor pressure is higher than the safety pressure
in the EO network, there must inevitably be backflow from
the reactor into the EO pipe. The time until the onset of the
backflow is determined substantially by the duration of out-
put from the pressure accumulator since the inert gas volume
present there in precompressed form and then expanding is
the only factor counteracting the backflow, apart from the
inertia of the EO mass in the pipeline. Within this time span,
the shut-off device must have completely and tightly closed
because only in this way is it ensured that no product can enter
the EO pipe.

For this purpose, the pressure-tight container of the pres-
sure accumulator is dimensioned to take into account the
following boundary conditions:

minimum pressure in the reactor 20 bar absolute,

maximum pressure in the pressure-tight container of the

pressure accumulator 41 bar absolute,

switching point of the differential pressure switching of the

shut-off device 3.5 bar absolute,

reaction time for the shut-off device 3.5 s,

closing time of the valves of the shut-oft device 2 s and

admission pressure in the ethylene oxide network 13 bar

absolute.

The dimensioning of the pressure accumulator is carried
out computationally using the commercially available pro-
gram system SIR-3S® (release 6.3), which serves for simu-
lating single-phase non-steady-state flow processes in pipe-
line systems.

The plant shown in FIG. 1 was converted into a fluid
dynamic simulation model, which is shown in FIG. 2 and in
which calculation nodes K001 to K005 are specified.

For the calculation, the switching signal for the shut-off
device was fixed at a pressure difference of 3.5 bar. A reaction
time of the shut-off device of 3.5 s and a closing time of the
valves of the shut-off device of 2 s were taken into account.

From the results of the simulation calculation, it is evident
that a pressure accumulator having a total volume of 21 1, of
which 4 1 are filled with ethylene oxide, i.e. 17 1 are filled with
nitrogen, performs the desired function.

The simulation results for such a pressure accumulator are
shown in FIGS. 3 to 5 and are explained below in the descrip-
tion of the figures.

In the drawing, figures specifically show the following:

FIG. 1 shows the schematic diagram of a preferred plant for
carrying out the method according to the invention,

FIG. 2 shows a fluid dynamic simulation model for the
plant shown in FIG. 1,

FIGS. 3 to 5 show simulation results for the fluid dynamic
model shown in FIG. 2 and

FIG. 6 shows a preferred embodiment for a pressure accu-
mulator.

The preferred embodiment shown schematically in FIG. 1
shows a plant for transporting ethylene oxide via a transport
pipe 1 by means of a pump 5, a shut-off device 2 being
arranged in the transport pipe 1, comprising a double bleed
pipe 6 with double bleed valves 7, and double block valves 8
arranged on both sides thereof. The shut-off device 2 further-
more comprises pressure transducer 11 and a differential
pressure measuring apparatus DP.

The liquid is transported into a container 3 which is under
pressure and is filled with liquid. Arranged in the transport
pipe 1 is a pressure accumulator 4 comprising a pipe 9
through which the liquid to be transported flows and which is
filled with said liquid to a certain level, a nitrogen pressure
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6

buffer being present above the liquid level in a pressure-tight
container 10 at the upper end of the pipe 9. FIG. 2 shows the
transformation of the plant shown schematically in FIG. 1
into a fluid dynamic simulation model, the positions for the
calculation nodes K000 to K005 being indicated.

FIGS. 3 to 5 show the simulation results for the pressure
accumulator.

In FIG. 3, the pressure curves are plotted as a function of
time for the calculation nodes K001 to K005 according to the
simulation model in FIG. 2. The calculation node K001 repro-
duces the pressure on the pressure side of the pump 5, and the
calculation node K002 designates the connection point of the
pressure accumulator 4 to the EO transport pipe 1. The two
calculation nodes are present at a fictional O m level. The
switching time t[s] is plotted along the abscissa, and this is the
case in the following figures too.

The calculation nodes K003, K004 and K005 are present at
the 25 m level and designate the points before the fast-closing
valve (K003), before the pressure control valve (K004) of the
shut-off device 2 and at the feed point into the reactor 3
(K005). After failure of the feed pump 5 at simulation time
t=1 s, the pressure at all five calculation nodes drops. How-
ever, as expected, it decreases more rapidly in the EO trans-
port pipe 1 (K001-K004) than in the reactor 3 (K005), since
the volume flow of amine/water is maintained in the reactor 3
and only the EO stream decreases. The steady-state pressure
difference of 8 bar over the shut-off device 2 in the EO
transport pipe 1 between the points K003 and K005 decreases
with increasing duration until it reaches the value of 3.5 bar at
the simulation time 2.4 s. Thus, the switching point for the
shut-off device 2 is reached and the closing process begins. In
this simulation, the closing process is started 100 ms later (to
take account of a possible signal lag time), i.e. attime t=2.5 s.
The closing process ends 2 s later, at simulation time 4.5 s.
Backflow which would manifest itself in a negative pressure
difference between the calculation nodes K004 and K005
does not occur up to the time 4.5 s.

That no backflow is recorded is also confirmed by the
volume flow rate curves in FIG. 4. The volume flow rate
through the control valve (K004-K005) is always positive.
The diagram also clearly shows that the “leakage volume flow
rate” through the pump 5 (“5 mm hole”) is greater than the
volume flow rate in the direction of reactor 3. The greater part
of the EO volume fed in from the pressure accumulator 4 is
therefore “lost™, i.e. is not available at all for maintaining a
positive volume flow rate in the direction of reactor 3. For this
reason, the volume of the pressure accumulator 4 must be
chosen greater than would be necessary if the leakage stream
through the pump need not have been taken into account.

FIG. 5 shows the EO volume in the pressure accumulator 4.
At time 4.5 s, when the shut-off device 2 has completely
closed, there is still a small volume of EO (ca. 0.2 1) in the
pressure accumulator 4. In the present example, it is also
ensured that the transport pipe 1 was full of EO until complete
closing of the shut-off device 2.

From the results, it is therefore possible to derive that a
pressure accumulator having a total content of 21 1, including
41filled with EQ, is adequately dimensioned to ensure, under
the preconditions and boundary conditions described, that a
positive pressure difference is maintained until the shut-off
device has completely closed.

FIG. 6 shows a preferred embodiment for a pressure accu-
mulator, comprising vertically arranged pipe 9 which, at its
upper end, connects to a container 10, comprising conical
transition part which connects to a cylindrical part. Advanta-
geously, as shown in the figure, the liquid to be transported is
fed to the upper region of the vertically arranged pipe and
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passed on at the lower end thereof, resulting in thorough
mixing of the liquid in the pressure accumulator.

We claim:

1. A method for avoiding backflow comprising transport-
ing a first liquid under pressure via a transport pipe into a
container, the transport pipe including a shut-off device with
differential pressure switching and the container being under
pressure and containing a second liquid in direct contact with
the first liquid with the second liquid being the same as or
different from the first liquid, the method further comprising:

filling a pressure accumulator with the first liquid up to a

predetermined level above a liquid level;

providing an inert gas in the transport pipe upstream from

the shut-off device in the transport direction and in the
pressure accumulator under an excess pressure in an
amount relative to the container to be filled, shutting off
the shut-off device when there is a pressure drop in the
transport pipe, the inert gas providing a positive pressure
difference to offset a drop in pressure in the transport
pipe to the container over a period which is at least as
long as a reaction time of the shut-off device to prevent
backflow in the transport pipe during the time period
from a detection of a triggering signal for shut-off to
complete closing of the shut-off device, the shut-off
device having an emptying pipe with an emptying valve.

2. The method according to claim 1, wherein the second
liquid is the same as the first liquid.

3. The method according to claim 1, further comprising
transporting the first liquid in the transport pipe by means of
a pump.

4. The method according to claim 3, wherein the pump is a
volumetric pump.

5. The method according to claim 4, wherein the volumet-
ric pump is one of a piston pump, a diaphragm pump or a gear
pump.

6. The method according to claim 3, wherein the pump is a
centrifugal pump.

7. The method according to claim 6, wherein the centrifu-
gal pump includes backflow-reducing devices.

8. The method according to claim 7, wherein the backflow-
reducing devices comprise one or more nonreturn valves
arranged on the pressure side of the centrifugal pump.

9. The method according to claim 1, wherein the emptying
pipe with emptying valve is a single emptying pipe with
single emptying valve, and wherein a single block closing
valve is provided on each side of the single emptying pipe
with single emptying valve to comprise two block closing
valves.

10. The method according to claim 1, wherein the empty-
ing pipe with emptying valve is a double emptying pipe with
double emptying valve, and wherein in each case a double
block closing valve is provided on both sides of the double
emptying pipe with double emptying valve.

11. The method according to claim 1, wherein the pressure
accumulator has a vertically arranged pipe with a device for
liquid level measurement which connects at its upperend to a
container.
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12. The method according to claim 11, wherein the verti-
cally arranged pipe has a length in the range from 1 to S m and
a diameter in the range from 100 to 300 mm.

13. The method according to claim 11, wherein the verti-
cally arranged pipe has a length in the range from 4 to 5 m, and
a diameter in the range from 90 to 150 mm.

14. The method according to claim 11, wherein the first
liquid is fed into the upper region of the vertically arranged
pipe and is passed on at the lower end thereof.

15. The method according to claim 1, wherein the dimen-
sioning of the container at the upper end of the pressure
accumulator is effected taking into account the following
boundary conditions:

minimum pressure in the container,

maximum pressure in the container at the upper end of the

pressure accumulator,

switching point and reaction time of the shut-off device

closing time of the shut-off device and

admission pressure of the liquid to be transported before

the transport pipe.

16. The method according to claim 1, wherein the liquid
transported is an alkylene oxide or a mixture of alkylene
oxides of the formula

where
R! to R?, in each case independently of one another, are
hydrogen or a C,-C,-alkyl, a Cs- or Cs-cycloalkyl or a
phenyl radical
or R' and R® and/or R* and R*in each case are linked to one
another to form a cycloalkyl radical, R' and R* and/or R*
and R* having in total preferably 3 or 4 carbon atoms and
the radicals not linked to one another if appropriate
being in each case hydrogen or a C,- to C,-alkyl radical

or R'and R? and/or R? and R* are in each case linked to one
another to form a cycloalkyl radical, R* and R* and/or R?
and R* having in total in each case 2, 3, 4 or 5 carbon
atoms.

17. The method according to claim 16, wherein the alky-
lene oxide is ethylene oxide and/or propylene oxide.

18. The method according to claim 16, wherein the alky-
lene oxide is isobutylene oxide, cyclohexene oxide or styrene
oxide.

19. The method according to claim 1, wherein the inert gas
is nitrogen, a noble gas, methane or CO,.

20. The use of the method according to claim 1 for reliably
avoiding backflow of the reaction mixture from a reactor for
the preparation of ethanolamines, isopropanolamines, alky-
lalkanolamines, alkyldialkanoldiamines and/or dialkylal-
kanolamines by reaction of alkylene oxides with amines or
ammonia.



